Nowadays the studies of effect of probiotics based on beneficial microorganism strains, producing enzymes, amino acids and other biologically active substances, on the intestinal microbiome content of poultry, are of fundamental scientific interest [1, 2) ]. It is known that normal intestinal microflora affects the macroorganism immune system formation, contributes to inactivation of some harmful decomposition products, and prevents reproduction of opportunistic bacteria [3, 4] . In poultry, gastrointestinal tract (GIT) caecum, where the intes-tine content remains for the longest time, and the basic processes of microbial proteolysis and cellulose and starch cleavage take place, is usually studied [5, 6] .
Bacteria of the genus Bacillus are promising subjects for development of probiotics. For example, the species Bacillus subtilis, B. licheniformis, B. coagulans, B. clausii, B. pumilus, and B. cereus have been tested as probiotics for human use [7] . The properties of bacilli differ significantly from those of classic probiotic microorganisms, such as lactobacilli or bifidobacteria; however, they have a number of benefits. First of all, the bacilli are more resistant to GIT conditions because of spore formation [8] . It has been shown that the baccilli are able to colonize the digestive tract of poultry, interacting both with intestine epithelium of the host organism and directly with microorganisms that inhabit GIT. Most bacilli are capable of synthesis of organic acids, bacteriocins, and antibiotic substances, so they may act as antagonists forcing pathogens (salmonellas, proteus, staphylococci, E. coli, and streptococci) out of the intestine [8, 9] . Apart from that, most bacilli strains show significant enzyme activity and contribute to processes of metabolism of various nutritious substrates.
Yeasts Saccharomyces sp. are of interest as a probiotic for poultry because of production of various antibiotic compounds, inhibiting the growth of pathogens [10, 11] . Antibiotic resistance is the key competitive advantage of yeasts. Positive effect of yeasts on intestine mucosa (i.e. increase in villi size and density of goblet cells), and on performance of various monogastric animals and ruminants has been reported (12, 13) . A positive effect of yeasts is related to both metabolites produced and components of their cell walls [14, 15] . The studies also confirm positive effect of probiotic microorganisms on immunity in poultry [16] [17] [18] . For example, ability of two strains, Saccharomyces boulardii and B. subtilis, to activate the immunity due to interaction with toll-like receptors (TLR) of poultry cells has been demonstrated recently [18] [19] [20] .
Despite of the widespread interest in the subject, the mentions microorganisms are relatively new probiotics in poultry farming. The effect of baccilli and yeasts on intestine microbiocoenosis and productivity performance is still not fully understood. The work becomes more complicated due to nearly complete absence of methodological base for studies of facultative anaerobic and strictly anaerobic microorganisms inhabiting the digestive tract of poultry.
According to traditional concepts based on classical microbiology methods, bifidobacteria, lactobacilli, nonspore-forming anaerobes, and bacteroides prevail among the intestine microorganisms [21, 22] . The advances in microbiology of the recent decades allow for analysis of intestine microorganism composition using molecular-genetic methods and determination of microbial diversity without the culturing stage [23] [24] . As a result, the presence of significantly larger amount of species was identified, comparing with that previously suggested, which lead to reevaluation of classical concepts. Molecular-genetic methods, such as T-RFLP analysis, ensure detailed characterization of microbial community, identification of taxonomic dominants and minor components, including uncultured microorganisms, the proportion of which in various ecosystems may be as high as 90 % [25] . Real time PCR method ensures determination of quantity of microorganisms within an ecosystem [26] . However, there are only a few examples of molecular genetic studies of intestine microbiome [24] [25] [26] [27] [28] , and the data on effect of bacilli and yeast probiotic strains on microbiocenosis of intestine content are nearly almost absent.
In this study we first have demonstrated the effect of live Saccharomyces yeast product and cellobacterine-T, a probiotic based on B. subtilis bacteria, on caecum bacterial community, using T-RFLP and real time PCR. By a biodiversity coefficient analysis, the yeast biological was shown to have the most signifi-cant effect on the bacterial community. However, probiotic effect on pathogenic microorganisms was higher when using the bacterial product.
This work focused on caecum bacteria characteristics and productivity in broiler chickens, as influenced by dietary probiotics based on Saccharomyces (yeasts) and Bacillus subtilis (bacteria).
Technique. The study was performed in 3 groups of Cobb 500 broiler chickens from 1 to 37 days of age (Zagorskoe EPH VNITIP vivarium, Moscow region). Chickens were fed manually, ad libitum with dry complete feed according to the cross standards. Group I (control) chickens were fed with balanced complete feed (BD). In group II the same feed was enriched with foreign-manufactured probiotic based on live Saccharomyces yeast cells at a dose of 1 kg/t. Group III broilers were provided with the same BD with addition of cellobacterine-T probiotic (JSC Biotrof) at a dose of 1 kg/t. The broilers consumed the same pre-starter granulated feed during the first 5 days; later they were fed according to the experimental design.
The broilers were kept in cage AviMax batteries (Big Dutchman Livestock Equipment Co., Ltd, China) in groups with no gender separation, in compliance with all technological norms of the All-Russian Poultry Research and Technology Institute (VNITIP).
The following parameters were estimated: stock preservation, live weight of broilers at the age of 7, 21, and 37 days (individual weighing), average daily live weight gain, feed consumption and conversion rate per 1 kg of live weight, the levels of vitamins and carotenoids in the liver, chemical composition of pectoral and femoral muscles, digestibility and utilization of the feed nutrients based on a physiological balance between their intake and excretion [29] .
Bacterial community composition was examined by T-RFLP and real time PCR methods. Caecum content for molecular studies was collected aseptically from slaughtered 37-day old poultry in accordance to requirements [30] .
Total DNA was isolated using Genomic DNA Purification Kit (Fermentas, Inc., Lithuania) according to manufacturer's manual. PCR was performed using a Verity DNA amplificator (Life Technologies, Inc., USA) and eubacterial primers, the 63F (CAGGCCTAACACATGCAAGTC) marked on 5' end (fluorophore WellRed D4, Beckman Coulter, USA), and 1492R (TACGGHTAC-CTTGTTACGACTT). Fluorescence-labelled products of 16S rRNA gene amplification were purified as described [31] . The amplicons (30-50 ng) were digwsted with restriction endonucleases HaeIII, HhaI and MspI following the manufacturer's protocol (Fermentas, Lithuania). Restriction products were analyzed on a CEQ 8000 (Beckman Coulter, USA) according to the attached manual. Phylogenetic status of bacteria was determined using Fragment Sorter software (http://www.oardc.ohiostate.edu/trflpfragsort/in-dex.php). Real time PCR to account for the total number of bacteria was performed on a DT Lite-4 amplifier (OOO NPO DNA Technology, Russia) with the Reagents for qPCR in the presence of intercalating EVA Green stain Kit (JSC Syntol, Russia) and Eub338/Eub518 primers (5´-ACTCCTACGGGAGGCAGCAG-3´ and 5´-AT-TACCGCGGCTGCTGG-3´) by the following protocol: 95 С for 3 min; 95 С for 13 sec, 57 С for 13 sec, 72 С for 30 sec (40 cycles).
MS Excel 2010 dispersion analysis software was applied for quantitative data processing. Shannon and Simpson biodiversity coefficients were calculated using Past software (http://folk.uio.no/ohammer/past/).
Results. It is known that bacteria act as taxonomic dominants in caecum microbial community and, according to traditional concepts, play an important role in provision of nutritional components, vitamins and other vital substances in poultry. The total number of bacteria in poultry caecum in the control group amounted to 2.43½10 8 ±8.31½10 6 genome equivalents/g ( Table 1 ). Addition of live microorganism cells to the diet of broilers lead to significant increase in this parameter in both experimental groups -2.88-fold for dietary cellobacterine-T and 1.77-fold for dietary yeast probiotic.
The caecum bacterial community was taxonomically diverse. We observed maximum biodiversity in chickens of the control group. When dietary probiotics were administrated, this parameter decreased by 12.32 % (Р < 0.05) and 21.09 % for groups II and III, respectively, as compared to the control (see Table 1 ). Taxonomic analysis also revealed a significant proportion of DNA sequences (from 18.92±0.67 to 24.19±1.12 %, depending on the experimental group) that could not be identified. The presence of unidentified microorganisms in caecum has been previously observed [32, 33] , which is indicative of complete absence of knowledge on their existence.
1. The number and proportion of bacterial taxa in caecum of 37 day-aged Cobb 500 broilers, as influenced by dietary cellobacterine-T probiotic and a yeast-based probiotic (Х±х, Zagorskoe EPH VNITIP vivarium, Moscow region). The numbers of detected opportunistic and pathogen microorganisms of genus Staphylococcus and families Campylobacteriaceae и Enterobacteriaceae, normally observed in GIT of poultry, were small. The presence of these microorganisms is usually related to dysbiotic GIT disorders in mammals and poultry. Apart from that, pathogens of families Pasterellaceae and Actinobacteriaceae and phylum Fusobacteria were identified, which were discovered in poultry GIT only due to molecular methods [24, 34] . The presence of bacteria of family Pas-terellaceae and genus Mycoplasma in GIT of broiler chickens, which are mostly found in the respiratory tract of poultry and are considered as respiratory pathogens, is of significant interest.
Our findings are generally consistent with the present-day concepts of bacteria quantity and composition in the poultry caecum. The monograph by M.A. Timoshko [22] describes the following bacteria in poultry intestine, found by traditional methods of microbial detection: bacteroides, eubacteria, peptococci, lactic acid bacteria, bifidobacteria, streptococci, enterobacteria, staphylococci, bacilli. Domestic and foreign publications based on next-generation sequencing (NGS) and T-RFLP analysis confirm the presence of numerous microorganisms, including various pathogenic bacteria of genera Campylobacter, Arcobacter, Shigella, Salmonella, Enterobacter.
We have shown that dietary yeast and bacterial probiotics contributed to the change of qualitative and quantitative composition of bacterial microbiota in broilers' caecum.
In the chickens from group III, fed with dietary cellobacterine-T, the Bacillus sp. counts increased 1.38-fold (Р < 0.01) as compared to the control, which was evidently related to successful colonization and reproduction of the introduced baccilli. These results are in line with data that some bacilli species, including B. subtilis, are capable of adhesion to intestine mucosa. It allows them to colonize the digestive tract and occupy free ecological niches of intestine microbiome, that resulted in a probiotic effect [9, 35] . In contrast, in the broilers from group II the proportion of bacilli decreased by 18.49 % (Р < 0.05).
The number of bacteria from genus Lactobacillus increased by 20.39 % (Р < 0.05) and 47.77 % (Р < 0.005) in groups II and III, respectively. These microorganisms are known to be capable of competitive exclusion of pathogens due to production of organic acids and bacteriocins. The amount of other microorganisms of genus Enterococcus and family Bifidobacteriaceae, which are similar in properties, decreased by 95.13 % (Р < 0.005) and 78.98 % (Р < 0.005), and by 44.86 (Р < 0.005) and 23.02 % for groups II and III, respectively.
Dietary probiotics had practically no effect on the phylum Bacteroidetes bacteria with cellulolytic and amylolytic enzymes but directly affected bacteria of phylum Firmicutes with similar properties. Interestingly, the effect of bacterial and yeast products on the said microorganisms was similar. An increase in proportion of families Eubacteriaceae and Ruminococcaceae, genus Peptococcus, and a decrease in Clostridiaceae and Lachnospiraceae counts occurred in both experimental groups, as compared to the control. The total proportion of the listed microorganisms from class Clostridia increased by 22.63 % (Р < 0.05) and 10.83 %, when using probiotic products in groups II and III, respectively, as compared to the control.
Inclusion of probiotics in the diet had a positive effect on decrease in content of pathogens in caecum. The probiotics decreased the number of opportunistic enterobacteria in groups II and II by 35.00 % and 45.94 % compared to control. Apart from that, cellobacterine-T has reduced 3-fold (Р < 0.005) the count of campylobacteria of family Сampylobacteriaceae, pathogenic for both poultry and humans. Administration of yeast product lead to a decrease in proportion of staphylococci by 35.56 % (Р < 0.01), with increase in other pathogenic bacteria, i.e. by 48.50 % (Р < 0.005) for campylobacteria, by 23.72 % (Р < 0.05) for pasteurella, and by 27.15 % (Р < 0.05) for mycoplasmas.
The difference in broiler caecum microbiome composition resulted from feeding bacterial and yeast probiotics was apparent from biodiversity indices (see Table 1 ). Shannon indices were lower in chickens fed with dietary probiotics, which indicates more stable and uniform microbiocoenosis composition. The difference between caecum bacterial community of these chickens and microbiome of other groups appeared to be the most significant for yeast probiotic, and was characterized by the smallest Shannon index (4.00±0.19) and Simpson dominance index (0.9±0.03), which is indicative of more expressed effect of this product.
In all groups, the viability amounted to 100 %, and poultry performance was associated with the changes in the bacterial community (Table 2) . The live weight gain at the age of 7, 21, and 97 days was higher than that of the control, i.e. by 0.9, 0.8, and 1.6 % for group II, and by 1.2, 3.8, and 4.4 % for group III. So, the chickens consuming compound feed supplemented with cellobacterine-T probiotic had maximum growth rate. In group III, the live weight at the age of 37 days was above the control values by 4.2 % (Р  0.01) for female chickens, and by 4.6 % (Р  0.001) for male chickens.
Productivity in
When using the yeast probiotic, the feed consumption rate increased by 3.8 %, as compared to the control. Feed conversion rate per 1 kg of live weight gain in group II was higher than that in the control and group III by 1.8 % and 4.7 %, respectively.
The results of physiological balance test were consistent with the data on broiler productivity (Fig.) . The digestibility of feed dry matter in all experimental groups was higher than that in the control. The highest digestibility, with the difference of 3.7 %, was in group II. This group also differed from other groups in greater average daily live weight gain of 58.0 g. A similar pattern of the feed nitrogen utilization was in group III compared to other groups, i.e. the nitrogen utilization was significantly higher by 4.7 % than that in the peers from the control group.
The probiotic additives have affected vitamin accumulation in broiler liver (Table 3 ). In groups II and III, as compared to the control, the level of vitamin A increased by 4.7 % and 8.9 %, of vitamin E -by 7.7 % and 22.1 % (Р < 0.01), of vitamin В 2 -by 7.3 % and 12.4 %, and the amount of carotenoids was 4.8 % and 9.2 % higher, respectively.
The differences by chemical composition of pectoral and femoral muscles in broilers were not observed.
It shall be noted that broiler growth significantly depend on the intestine bacterial community composition. According to other reportes, some obligate intestine inhabitants are able to affect the poultry productivity directly. V.A. Torok et al. [24) ] have found the correlation between caecum microorganism composition and the effectiveness of feed energy utilization. As researchers thought, the bacteria can produce various acids, first of all butyric acid, which acts as a preferable energy source and increases the intestine epithelium size [36, 37] , thus these bacteria can play an important role by creating a barrier for toxic agents [38] . The representatives of phylum Firmicutes [39] , including Eubacterium rectale (family Eubacteriaceae), genus Roseburia (family Lachnospiraceae), Faecalibacterium prausnitzii (family Ruminococcaceae) are the main butyric acid producers [27, 28, 40] . When analyzing both probiotics, we observed an increase in proportion of Eubacteriaceae and Ruminococcaceae microorganisms in broiler caecum. This fact may indicate that the increase in productivity is related to increase in butyric acid content in the intestine.
Additionally, some authors note the dependence of poultry productivity on the intestine content of lactic acid produced by lactobacilli of genera Lactobacillus, Enterococcus, etc. It is known that lactate has more expressed antimicrobial properties with regard to pathogens, as compared to other acids (acetic, propionic, etc.) produced by intestinal microflora. As a rule, significant amounts of lactic acid do not accumulate in the intestine due to rapid absorption and assimilation by lactate-fermenting microorganisms of genera Anaerostipes, Veillonella and Megasphaera of order Negativicutes. According to our findings, administration of cellobacterine-T lead to an increase in proportion of lactateproducing bacterial of genus Lactobacillus and a decrease in the number of lactate-fermenting bacteria of order Negativicutes, which could contribute to greater accumulation of lactic acid in the broiler intestine in group III and, consequently, to more expressed antimicrobial effect on pathogens as compared to group II. Administration of live yeast resulted in an increase in the proportion of lactatefermenting bacteria of order Negativicutes in the intestine. It could lead to better assimilation of lactic acid and, consequently, to a decrease in antimicrobial properties, as compared to group III [41, 42] .
Thus, cellobacterine-T shows high probiotic activity and has a positive effect on the composition of the caecum bacterial community in broiler chickens. As a result, the number of normal flora (representatives of genera Bacillus and Lactobacillus) increases significantly, whereas the number of microorganisms traditionally related to intestine dysbiosis in humans and animals (families Enterobacteriaceae and Сampylobacteriaceae) decreases. Yeast-based probiotic had a positive effect on the content of cellulosolytic microorganisms of class Clostridia; however, its effect on pathogenic microorganisms was less significant, e.g. lead to a significant increase in proportion of campylobacteria, pasteurella, and mycoplasmas. Both probiotics positively influenced on poultry productivity, feed digestibility, utilization of nutrients and the level of vitamins in liver. The maximum live weight gain, accelerated growth and higher digestibility of the feed nutrients, as well as accumulation of vitamins А, Е, В 2 and carotenoids in the liver were characteristic of the chickens fed with cellobacterine-T.
